Insights on the solubility of CO2 in 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide from the microscopic point of view.
Emissions of greenhouse gases due to human activities have been well documented as well as the effects on global warming resulting from it. Efforts to reduce greenhouse gases at the source are crucial to curb climate change, but due to insignificant economic incentives to reduce usage of fossil fuels, not a lot of progress has been made by this route. This necessitates additional measures to reduce the occurrence of greenhouse gases in the atmosphere. Here we used theoretical methods to study the solubility of carbon dioxide in ionic liquids (ILs) since sequestration of CO2 in ILs has been proposed as a possible technology for reducing the emissions of CO2 to the atmosphere. Ionic liquids form a class of solvents with melting temperatures below 100 °C and, due to very low vapor pressures, which are not volatile. We have performed molecular dynamics (MD) simulations of 1-ethyl-3-methylimidazolium (C2mim) bis(trifluoromethylsulfonyl)imide (Tf2N) and its mixtures with carbon dioxide in order to investigate the CO2 concentration effect on the CO2-cation and CO2-anion interactions. A systematic investigation of CO2 concentration effects on resulting equilibrium liquid structure, and the local environment of the ions is provided. The Quantum Theory of Atoms in Molecules (QTAIM) was used to determine the interaction energy for CO2-cation and CO2-anion complexes from uncorrelated structures derived from MD simulations. A spatial distribution function analysis demonstrates the specific interactions between CO2 and the ionic liquid. Our findings indicate that the total volume of the system increases with the CO2 concentration, with a molar volume of CO2 of about 0.038 L/mol, corresponding to liquid CO2 under a pressure of 100 bar. In other words, the IL effectively pressurizes the CO2 inside its matrix. The thermodynamics of CO2 solvation in C2 min-Tf2N were computed using free energy techniques, and the solubility of CO2 is found to be higher in this IL (-3.7 ± 1 kcal/mol) than in water (+0.2 kJ/mol), predominantly due to anion-CO2 interactions.